Objectives: It is well known that body weight loss through a direct (supervised) lifestyle intervention (LSI) improves obesityrelated metabolic disorders. The purpose of this study was to investigate the effects of an indirect LSI on weight loss and metabolic syndrome (MetS) in spouses of LSI participants. Methods: A total of 104 men (abdominal circumference X85 cm; age, 52.1 ± 9.3 years) were assigned to one of three groups: no intervention (NI, n ¼ 34), direct intervention (DI, n ¼ 34) or indirect intervention (II, n ¼ 36), the last of which consisted of subjects who did not participate in the direct LSI but whose wives did. Body weight and MetS components were measured before and after a 14-week intervention. Daily energy intake and activity-related energy expenditure were assessed before and during the intervention. The LSI program was mainly consisted of dietary modifications with a physical activity program. Results: No differences were observed across the three groups in any of the measures at baseline. Significant differences were observed among the groups in weight loss (NI, À0.7 ± 1.4; DI, À6.2 ± 3.3 and II, À4.4 ± 3.7 kg) during the intervention. Along with the body weight reductions, significant improvements were observed in most of MetS components within the DI and II groups. When analyzing the spouse pairs in group II, significant correlations were observed in weight loss (r ¼ 0.57) and decreased total energy intake (r ¼ 0.54) between wives and husbands. Conclusions: Indirect LSI in abdominally obese men whose wives were undergoing LSI led to loss of weight and a decreased incidence of MetS, suggesting that indirect LSI may be an effective program for eliciting beneficial change in health status. one spouse has a significant impact on weight loss in the untreated spouse. They clearly showed 'a ripple effect' on weight loss through spouses. However, the studies did not include examinations of MetS components, which can be greatly affected by changes in body adiposity. To the best of our knowledge, the study by Sexton et al. 17 is the only one to show that a health behavior intervention for one spouse has a ripple effect on cardiovascular risk factors in the other, untreated spouse. Although the study focused on three cardiovascular risk factors (blood pressure, cigarette smoking and serum cholesterol) it did not examine subjects' weight loss and MetS components. Thus, none of the earlier studies focused on the effects of an indirect LSI on weight loss and improved MetS components in the untreated spouse. Therefore, in this study, we examined the effects on weight loss and MetS components in abdominally obese Japanese men of an indirect LSI through their wives. The primary hypothesis of our study was that the indirect LSI through wives would affect weight loss and improve the MetS components of the husbands who did not receive the direct LSI. We also had a secondary hypothesis that the weight loss and lifestyle changes of wives would correlate with those of their husbands.
Introduction
Metabolic syndrome (MetS) is characterized by interrelated risk factors 1 that increase the incidence of cardiovascular diseases, 2,3 type 2 diabetes 4,5 and all-cause mortality. 2, 3 In recent years, the number of subjects with MetS has markedly increased in developing countries, [6] [7] [8] and establishing effective and practical interventions for MetS has become an important goal. It is well known that body weight loss through a direct (supervised) lifestyle intervention (LSI) improves metabolic disorders related to obesity. 9, 10 However, it is not known whether an indirect LSI through one family member can affect weight loss and the MetS traits of other, untreated family members. Recently, Christakis and Fowler 11 indicated that obesity can spread in social networks, such as friends, siblings and spouses. The paper further proposed that 'it may be possible to harness this same force to slow the spread of obesity'. 11 Several studies have previously shown that diet and exercise patterns correlate between spouses. [12] [13] [14] On the basis of these findings, it seems probable that certain behavioral weight loss interventions for one spouse could influence the eating and exercise behaviors of the spouse not participating in the intervention. As a result, this indirect intervention (II) through the treated spouse may have beneficial effects on the body weight and MetS traits of the untreated spouse. This may provide a cost-effective measure for reducing MetS components and improving public health. There is very little information available on the effects of indirect LSI on weight loss and MetS components. Although a review by McLean et al. 15 introduced several studies that indicated an effectiveness of family involvement in weight loss interventions, these studies mainly focused on whether the subjects participated in the intervention alone or with their family members. Conversely, two studies 14, 16 have shown that behavioral weight loss treatment delivered to one spouse has a significant impact on weight loss in the untreated spouse. They clearly showed 'a ripple effect' on weight loss through spouses. However, the studies did not include examinations of MetS components, which can be greatly affected by changes in body adiposity. To the best of our knowledge, the study by Sexton et al. 17 is the only one to show that a health behavior intervention for one spouse has a ripple effect on cardiovascular risk factors in the other, untreated spouse. Although the study focused on three cardiovascular risk factors (blood pressure, cigarette smoking and serum cholesterol) it did not examine subjects' weight loss and MetS components. Thus, none of the earlier studies focused on the effects of an indirect LSI on weight loss and improved MetS components in the untreated spouse. Therefore, in this study, we examined the effects on weight loss and MetS components in abdominally obese Japanese men of an indirect LSI through their wives. The primary hypothesis of our study was that the indirect LSI through wives would affect weight loss and improve the MetS components of the husbands who did not receive the direct LSI. We also had a secondary hypothesis that the weight loss and lifestyle changes of wives would correlate with those of their husbands.
Materials and methods

Subjects
We recruited 124 Japanese men and 40 women, including 40 married couples, through advertisements in local newspapers, to participate in a 14-week weight loss program at Sodegaura Healthcare Center, Chiba, Japan. The inclusion criterion for men was an abdominal circumference (AC) X85 cm, which is an essential component of MetS in the Japanese MetS definition. 18, 19 For the spouses (wives), there were no specific eligibility requirements other than that they were willing to participate in the study and that they cohabit with their husbands. The male subjects were assigned to one of three groups taking into account their personal preferences: no intervention (NI, n ¼ 48), direct intervention (DI, n ¼ 36) or II (n ¼ 40). Group II consisted of subjects who did not directly participate with the intervention but whose wives did. Two subjects in group DI and four wives (with their four untreated husbands) in group II were unable to complete the 14-week LSI program for personal reasons. Furthermore, 14 subjects in group NI did not take part in the post-intervention measurements. We could not obtain any information on these 14 subjects after premeasurement, but there were no significant differences between the noncompleters (n ¼ 14) and completers (n ¼ 34) within group NI in any of the baseline analyses in terms of age, anthropometric measurements, blood pressure or biochemical assays of blood. We excluded these 20 men and 4 women (NI, 14 subjects; DI, 2 subjects; II, 4 couples) from our analyses. Consequently, 104 middle-aged men (52.1 ± 9.3 years) and 36 middle-aged women (51.8 ± 8.8 years) were selected for this study. Information of the research schedule by group is provided in Table 1 . The aim and design of this study were explained to every subject before each gave their written, informed consent. This study was conducted in accordance with the guidelines proposed in the Declaration of Helsinki Principles. The ethical committee of the University of Tsukuba, Japan also reviewed and approved the study protocol.
Intervention
Group DI. The subjects in group DI took part in a direct LSI program ( Table 1 and FG 4 (grains, oil and sugar). To calculate energy intakes and nutrient balances easily, a cluster of 80 kcal foods was translated into one point in the method. For consuming a well-balanced daily diet, each person chose three-point foods from FG 1 to FG 3 (nine points in total) to take in the necessary nutrients. Then, depending on a subject's personal characteristics, such as age and gender, the points from FG 4 were chosen. In this study, skilled dietitians recommended, as a rough indication, 12 points from FG 4 and a total of 21 points (1680 kcal per day) from the four FGs for the abdominally obese male subjects in group DI. The subjects kept a daily diary in which they recorded in detail every food they ate, any transitional changes in body weight, and their health and mental conditions during the 14-week intervention period. At every diet counseling class, dietitians checked each subject's diary as precisely as possible, adding their advice, while subjects were taking part in their classes, or they provided face-to-face individual counseling based on the diary after the classes. The physical activity program consisted of lectures on exercise and physical activity (45 min per lecture, two times in 12 sessions) and supervised-exercise sessions (60 min per session, two times in 12 sessions) by fitness experts. The lectures consisted of basic exercise instruction, such as the proper way of walking and how to prevent injury during exercise, and on how to increase physical activity during daily life. The supervised-exercise sessions consisted of stretching, calisthenics, brisk walking and light resistance training.
Group II. The wives of the subjects in group II took part in almost the same program as the male subjects in group DI Indirect lifestyle intervention through wives T Matsuo et al (Table 1 ). The principal difference in the dietary program between the male subjects in group DI and the wives in group II was the number of points assigned from FG 4 on the KNUD. As a rough indication, the dietitian recommended two ways to distribute the points from FG 4 to the wives: either (1) 6 points from FG 4 and a total of 15 points (1200 kcal per day) from the four FGs for the obese wives (baseline body mass index (BMI) X25 kgm À2 or AC X90 cm), or (2) 10 points from FG 4 and a total of 19 points (1520 kcal per day) for the nonobese wives. All wives also kept a daily diary and followed the physical activity program. Although the diet program was not specifically structured to target the husbands in group II, the wives were instructed to pay careful attention to managing their husbands' lifestyle during the intervention period. That is, husbands' lifestyle modifications were completely entrusted to their wives. The husbands in group II were offered three sessions (a research explanatory session held before the premeasurement, and pre-and post-measurements sessions) during the research period (Table 1) .
Group NI. The subjects in group NI were offered four sessions (a research explanatory session, a one-time lecture on MetS, and pre-and post-measurement sessions) during the research period ( Table 1 ). The lecture on MetS, held 2 weeks after premeasurement, provided basic information on improving MetS status.
Anthropometric measurements
Body weight was measured to the nearest 0.1 kg using a digital scale (TBF-551; Tanita, Tokyo, Japan), height was measured to the nearest 0.1 cm using a wall-mounted stadiometer (YG-200; Yagami, Nagoya, Japan) with the subjects in underwear and barefooted. Body weight and height were measured once while the subjects were fasting in the morning. BMI was calculated as weight (in kg) divided by height (in meters) squared. AC was measured directly on the skin at the level of the umbilicus in the standing position. The AC measurements were taken in duplicate to the nearest 0.1 cm. Body composition, recorded as percentage fat mass, fat mass (kg) and fat-free mass (kg), were assessed by a bioelectrical impedance analysis. This was measured at 50 kHzm, standing foot to foot, and body fat was calculated using the manufacturer's algorithm (TBF-551; Tanita).
Blood pressure and biochemical assays of blood One trained nurse measured the systolic and diastolic blood pressures (SBP and DBP) of the subjects at the right arm using a mercury manometer and a standard protocol after the subjects rested for at least 20 min in the sitting position. The first and the fifth Korotkoff sounds were taken as indicative of SBP and DBP, respectively. The SBP and DBP values were estimated as the mean of two readings. Cuff sizes The subjects were offered the opportunity to participate in the session.
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were selected based on upper arm girth and length. At baseline and after the weight loss program, a blood sample was drawn from each subject after a 12-h fast. Serum glucose and lipids were assayed by routine automated laboratory methods, whereas hemoglobin A1c (HbA1c) was measured by particle-enhanced immunoturbidimetric assay (Kyowa Medex, Tokyo, Japan). Fasting insulin (FINS) was measured by an enzyme immunoassay method (Tosoh, Tokyo, Japan). Plasma samples were stored at À80 1C until analyzed.
The inter-and intra-assay coefficients of variation were o5% for all blood parameters. Low-density lipoprotein cholesterol (LDLC) was calculated according to Friedewald's formula. 21 The homeostasis model assessment, insulin resistance (HOMA-IR) 22 and HOMA2 23 were calculated according to previous studies; 22, 23 HOMA-IR ¼ ((FINS, mU ml
À1
) Â (fasting plasma glucose (FPG), mg per 100 ml))/405, and HOMA2, the computer model, is available using the Oxford HOMA calculator (http://www.dtu.ox.ac.uk/index.php?maindoc ¼ /HOMA/index.php).
MetS components
The Japanese definition of MetS 18, 19 was used to evaluate the prevalence of MetS and pre-MetS in this study. In this definition, the MetS components consist of the following four factors: (1) AC X85 cm for men and X90 cm for women, which is considered an essential component; (2) dyslipidemia (triglyceride (TG) X150 mg per 100 ml and/or highdensity lipoprotein cholesterol (HDLC) level o40 mg per 100 ml or specific treatment for these lipid abnormalities); (3) hypertension (SBP X130 mm Hg and/or DBP X85 mm Hg or treatment of previously diagnosed hypertension) or (4) hyperglycemia (FPG X110 mg per 100 ml). As per the Japanese definition, to diagnose MetS, a person must have central obesity (AC X85 cm for men and X90 cm for women) and two or more of the other components; to diagnose pre-MetS, there must be central obesity and one of the other components.
Dietary assessments
Total energy intake in kilocalories and the amounts of each nutrient (carbohydrates, fat and protein in grams) were assessed before and at the beginning of week 10 of the intervention by both 3-day weighed dietary records (3-day WDR) and dietary recall interviews performed by one skilled dietician with each subject. The dietician explained how to complete the 3-day WDR in detail before the measurements, and the subjects learned how to use a digital cooking scale for weighing food. The dietitian collected the recorded sheets from the 3-day WDR and codified the food items and food weights. Thereafter, the dietician interviewed each subject to elicit more information about the subject's food intake for the 3-day period. The food data of the dietary records were converted to energy and nutrient data by the dietician and were analyzed using the Eiyoukun (version 4.0; Kenpakusya, Tokyo, Japan), which are based on the Standard Tables of Food Composition in Japan (fourth revised edition). 24 Activity energy expenditure assessments The total energy expenditure (TEE) and activity energy expenditure (AEE) were assessed by a uniaxial accelerometer (Lifecorder; Suzuken Co. Ltd, Nagoya, Japan) and by keeping a diary of exercise. Measurements of the accelerometer values were validated using the doubly labeled water method 25 and the metabolic chamber method. 26 The accelerometer can assess two types of activity-related energy expenditure, namely, the energy expenditure of activities (EEAct) indicating X1.8 metabolic equivalents (METs) and energy expenditure of minor activities (EEminorAct) indicating o1.8 METs. 27 In this study, AEE was estimated as a total of these two EEs (AEE ¼ EEAct þ EEminorAct). 28 The TEE was calculated from the sum of the basal metabolic rate (BMR), the diet-induced thermogenesis (10% TEE), the EEAct and the EEminorAct. The BMR was estimated from sex, age, weight and height using a standard Japanese formula. 27 Detailed descriptions of the accelerometer have been published elsewhere. 26 Subjects wore the Lifecorder constantly (except while sleeping or bathing) for a 7-day period before the intervention and for 7 days during week 10 of the intervention. During these 7-day segments, the subjects were also instructed to keep a diary of their exercise, which consisted of the status of wearing the Lifecorder and detailed exercise information on the type, time and ratings of perceived exertion. 29 During times of exceptional physical exertion, such as swimming, we estimated this exceptional EE by its METs from the diary entries. For these measurement periods, we calculated TEE and AEE from both the Lifecorder data and the diary entries. Results Table 1 shows the research schedule of this study with subjects' attendance rates of each session by group. All male and female subjects took part in the research explanatory session and pre-and post-measurement sessions. We observed a higher average (per subject) of attendance at the LSI program in both the DI and II (wives) groups (88.0 ± 15.4 and 93.3 ± 9.5%, respectively). Furthermore, 88.2% (30 subjects) of group NI took part in the one-time lecture, and the other 11.8% (4 subjects) of the same group were provided lecture handouts by mail. Table 2 shows (male) subjects' characteristics at baseline and during the intervention (week 10) by group. In this study, the subjects were assigned to one of three groups by self-selection. However, there were no differences across the three groups in any of the baseline analyses, including Indirect lifestyle intervention through wives T Matsuo et al subjects' status of marriage, occupation and medical history. Conversely, we saw significant differences in total energy intake, carbohydrate intake, fat intake and the ratio of protein intake to total energy intake at week 10. At week 10, the total energy intake was significantly lower for subjects in group DI than for subjects in group II. Similarly, it was significantly lower for subjects in group II than for subjects in group NI. The carbohydrate intake was significantly greater for subjects in group NI than for subjects in groups DI and II. The fat intake was significantly greater for subjects in group NI than for subjects in group DI. The ratio of protein intake to total energy intake was significantly greater for subjects in group DI than for subjects in group NI. Table 3 presents changes in measurement values by intervention group with 95% confidence intervals, the results of the ANCOVA analysis and the effect sizes (Cohen's d). We observed moderate to large effect sizes for reductions in anthropometric measurements and improvements in blood pressure and biochemical values in both the DI and II groups. On the other hand, we observed no significant changes in any of the values in group NI. The result of the ANCOVA shows that the weight loss for the untreated husbands in group II (À4.4±3.7 kg) was greater than for subjects in group NI (À0.7 ± 1.4 kg), but that it was lower than for subjects in group DI (À6.2 ± 3.3 kg). Table 3 also presents comparisons of changes in energy intakes and energy expenditures across the three groups. We observed moderate to large effect sizes for the changes in total energy intake, carbohydrate intake, fat intake, protein intake, and the ratio of protein intake to total energy intake in both the DI and II groups. Conversely, no changes in any of the dietary values were observed in group NI. There were no differences across the three groups in any of the energy expenditure analyses. Table 4 shows characteristics of the wives in group II along with any changes in values. There were large effect sizes for changes in most of the anthropometric measurements and in energy intake, and there were moderate to large effect sizes for improvements in blood pressure and most of the biochemical values. Furthermore, we observed small to moderate effect sizes for reductions in the energy expenditure analyses in the group II wives. Table 5 shows the prevalence of pre-MetS, MetS, and their combined total before and after the interventions among the Indirect lifestyle intervention through wives T Matsuo et al three male groups along with the significance of any changes. In the DI and II groups, significant improvements were observed in all three prevalence analyses except for pre-MetS in group II. On the other hand, we observed no improvements in the prevalence of pre-MetS, MetS or their combined total in group NI. Although there were no significant differences across the three groups in any of the analyses for the prevalence of MetS at baseline, significant group differences were observed in prevalence of pre-MetS and pre-MetS plus MetS after the intervention: Group DI had a greater decrease in prevalence than group II which, in turn, had a greater decrease in prevalence than group NI. Table 5 also shows the prevalence of each component of MetS (that is, abdominal obesity, dyslipidemia, hypertension and hyperglycemia). We observed significant improvements in abdominal obesity in the DI and II groups, in dyslipidemia in group DI, and in hyperglycemia in group DI. There were no significant group differences in these prevalence analyses except for abdominal obesity after the intervention. Figure 1 shows the relationship of percent weight changes (that is, the ratio of weight loss to baseline value) between wives and husbands in group II, whereas the relationship of percent changes in total energy intake (that is, the ratio of change in total energy intake to baseline value) between pairs in the same group is shown in Figure 2 . The correlation coefficients (r) were 0.57 (Po0.01) and 0.54 (Po0.01). Similarly, we analyzed correlation coefficients between wives and husbands in the other values. As a result, we observed significant correlations for percent changes in AC (r ¼ 0.54, Po0.01), carbohydrate intake (r ¼ 0.45, Po0.01), fat intake (r ¼ 0.51, Po0.01) and protein intake (r ¼ 0.55, Po0.01). At baseline, we observed no correlation in any of the values except for protein intake (r ¼ 0.71, Po0.01). At week 10, significant correlations were observed in total energy intake (r ¼ 0.40, Po0.05), carbohydrate intake (r ¼ 0.49, Po0.01), fat intake (r ¼ 0.34, Po0.05) and protein intake (r ¼ 0.52, Po0.01). On the other hand, there were no significant correlations in any of the energy expenditure analyses.
Statistical analysis
Discussion
Increase in the prevalence of obesity and MetS is a serious worldwide problem in public health, [6] [7] [8] 30 and establishing a cost-effective prescription for weight loss is imperative. Our primary findings in this study are as follows: (1) health behavior intervention directed at wives affected loss of weight and improved the MetS rates in their husbands, and Indirect lifestyle intervention through wives T Matsuo et al (2) the resulting weight loss and changes in energy intake of the wives correlated significantly with those parameters in their untreated husbands. To the best of our knowledge, this is the first study showing the indirect effects on one spouse from a direct LSI on the other spouse, not only on weight loss, but also on MetS components. 14 showed the effects of II through one spouse on the other untreated spouse. During the study, the participants that completed an LSI designed to produce weight loss over a 1-year period lost a significant amount of weight along with their spouses, who did not receive any active intervention. The weight loss values of the participating spouse and the other untreated spouse were À9.9±7.6 and À2.2 ± 4.5 kg, respectively. Our study results are consistent with those of previous studies. The untreated husbands in group II decreased their body weight significantly. We observed significant energy restriction during the intervention period in the subjects of both the II and DI groups (Table 2) . Therefore, the weight loss achieved by subjects in the II (À4.4 ± 3.7 kg) and DI (À6.2 ± 3.3 kg) groups can be attributed to their own diet-behavior modifications.
The weight loss of husbands in group II (À4.4±3.7 kg) is uncommon and noteworthy because it did not occur through the direct assistance of a structured weight loss program but only through their wives' support. Correlation analyses between the wives and husbands indicate that the wives' dietary behavior modifications had a strong impact not only on weight lost by the wives themselves, but also on the dietary behavior and body weight of their untreated husbands. The weight loss and dietary behavior modifications observed in the husbands may have resulted from their wives' prompting of new health behaviors in the shared home environment. These results were consistent with that of Gorin et al. 14 who showed correlations in weight changes (r ¼ 0.28, Po0.01) and changes in percent of energy from fat (r ¼ 0.21, Po0.01) between participants and untreated spouses. On the other hand, we did not observe any significant correlations in physical activities between the spouses, which was also consistent with Gorin et al. 14 We may not have seen increases in AEE for the male subjects in any of the three groups (nor wives in group II) in the present study because the physical activity program in this study consisted only of two lectures and two supervised-exercise sessions. The physical activity counseling had less impact on the subjects' behavior modifications compared with the diet counseling in this study. The difference between the previous two studies (Gorin et al.
14 and White et al.
16
) and our present study involves the target of the weight loss interventions. The interventions of the two previous studies did not specifically aim to achieve weight loss in the untreated spouses. Those studies mainly focused on whether a weight loss intervention aimed at an index person had secondary effects on the health behaviors or body weight of his/her untreated spouse. As a result, these studies clearly showed beneficial effects on untreated spouses. Gorin et al.
14 used the phrase 'ripple effect' to describe the additional benefits of weight loss intervention. In contrast, our weight loss intervention specifically targeted weight loss as well as MetS improvements of the untreated spouses from the beginning. We focused on whether an indirect weight loss intervention through a spouse had beneficial effects on the untreated spouse. Up until now there have been no studies investigating the results of this cost-effective weight loss intervention, though more strategies to fight the increasing prevalence of obesity and MetS are needed. Consequently, the present study added the following results to previous evidence: an indirect LSI through wives led to loss of weight and a decreased incidence of MetS in their untreated husbands. The prevalence of MetS decreased to a greater extent in group II than in group NI (Table 5 ). Thus, our study clearly showed beneficial effects of an indirect LSI on untreated spouses, although the effects did not reach the level seen with the direct LSI subjects. The previous studies and this study produced results supporting the proposal by Christakis and Fowler, 11 which states that obesity can spread in social networks and that it may be possible to harness this same force to prevent obesity. Our study did have some limitations. First, subjects were not randomized to the three treatment groups in this study. Because our goal was to increase subjects' adherence to the weight loss programs, we considered the subjects' personal lifestyles and preferences when placing them into the study groups. As study design without randomization may lead to a type II error because of some confounding variables. This factor might partly preclude our definitive conclusion; however, at baseline, no differences were found in any variables among the three groups. This suggests that assigning rather than randomizing subjects had little, if any, influence on the measurement variables. Second, the effects on the untreated husbands may have been magnified in this study, because no male subjects in group II participated in this study without their wives' agreement to participate in the intervention. This means that all wives in group II were motivated to support their husbands. Moreover, most wives in group II tended to be overweight at baseline (of 36 wives, 24 had BMIs X25 kgm
À2
) and lost significant amounts of weight during the intervention (Table 4 ). This indicates that the wives were likely enthusiastic about not only improving their husband's health behavior, but also their own. Third, we measured the subject's energy intake by 3-day WDRs. There may have been an underestimation of total energy intake along with carbohydrate, fat and protein intakes. 31, 32 Fourth, the intervention period of this study was relatively short. For human health, the effects of weight loss programs should be discussed with regards to long-term weight maintenance rather than short-term weight loss. 33 Our results only showed that health behavior intervention directed at wives affected the untreated husbands' health in the short term. However, the results in this study may add valuable information to weight maintenance research in the future. In summary, our primary hypothesis is supported by the significantly greater decreases in weight and greater Indirect lifestyle intervention through wives T Matsuo et al improvements of MetS seen in group II compared with group NI. Our secondary hypothesis is partly supported by significant correlations of weight loss and changes in energy intake between spouse pairs. However, we did not observe significant correlations in changes in physical activities between the pairs, which challenges our other hypothesis. Consequently, our study revealed that indirect LSI through wives can significantly affect the loss of weight and improve MetS components among abdominally obese men, which suggests that indirect LSI may be an effective program for eliciting a beneficial change in health status.
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